Rough-wall turbulent flows represent a ubiquitous feature of many natural systems and man-made structures and therefore they have attracted significant attention from mathematicians, physicists, engineers, and Earth scientists, who have extensively studied these flows for more than eighty years. However, in spite of a fairly long research history and significant progress made towards their description and understanding, accurate prediction and control of rough-wall flows are still unsolved problems and thus additional research efforts and new approaches are required. One of these approaches, the so-called Double-Averaging Methodology (DAM), is the topic of this Special Issue.
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Current research focuses on two interlinked facets of the rough-wall flows, statistical and deterministic. The deterministic view stems from some observable 'coherency' in the turbulent motions and from hydrodynamic equations based on fundamental conservation principles, while the statistical view recognises 'irregular' components in hydrodynamic fields and roughwall geometry and therefore focuses on their statistical properties. Both fa-cets can be combined within a framework of appropriately averaged hydrodynamic equations, of which the well-known Reynolds-Averaged NavierStokes equations (RANS) are an example. However, the RANS incorporate no spatial averaging making them inconvenient for characterising rough-wall flows. This is especially true for the near-wall region where time-averaged flow is highly heterogeneous due to local effects of roughness elements. Indeed, local (point) flow parameters provided by the RANS cannot be linked explicitly to somewhat spatially-averaged roughness parameters and hydrodynamic processes which are the subjects of most engineering and environmental applications. The highlighted scale inconsistency can be eliminated by supplementing the time (ensemble) averaging of the hydrodynamic equations with volume averaging or area averaging in the plane parallel to the mean (smoothed) bed surface. This leads to a new set of hydrodynamic equations, which are averaged in both time (ensemble) and space domains. These equations explicitly contain important (although still unconventional) terms such as form-induced (also known as 'dispersive') stresses and fluxes, and, for the flow region below roughness tops, form and viscous drag terms, wake and waving production terms (e.g., turbulent energy production due to wake effects behind bed surface mounds or due to mobile interfaces such as plants or other organisms), and source/sink terms describing interface transport and heterogeneous reactions (e.g., sediment 'breathing' or nutrient uptake by aquatic organisms). The double-averaging (i.e., in time and space) approach extends a set of available tools for flow analyses especially over rough boundaries. Examples of advantages that this approach provides include: (a) improved hydraulic definitions (e.g., flow uniformity, twodimensionality, and the bed shear stress); (b) consistent coupling between spatially-averaged roughness parameters, bed shear stress, and doubleaveraged flow variables; (c) explicit accounting for the viscous drag, form drag and form-induced stresses and substance fluxes as a result of rigorous derivation rather than intuitive reasoning; (d) possibilities for similarity and scaling considerations based on double-averaged variables; and (e) possibilities for the consistent scale partitioning of the roughness parameters and flow properties.
The double-averaging methodology has extensive roots in multi-phase flow hydrodynamics (e.g., Whitaker 1999, Slattery 1999) and porous-media hydrodynamics (e.g., Bear 1972 , de Lemos 2006 . Its formulation for roughwall turbulent flows has been initiated by atmospheric scientists for describing and predicting turbulent flows within and above terrestrial canopies such as forests or bushes (Wilson and Shaw 1977 , Raupach and Shaw 1982 , Finnigan 1985 , 2000 . In fluvial hydraulics, the idea of spatial averaging was first used by Smith and McLean (1977) who analysed velocity profiles spatially averaged along lines of constant distance from the wavy bed. Recent developments in fluvial hydraulics followed the meteorological approach
